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Abstract. This study investigated a range of gene polymorphisms encoding IL-1, IL-6, IL-10, and TNF-a -308
in 100 healthy unrelated Kazakhs using real-time PCR. The findings were compared with published data on other popula-
tions. The distribution of genotypes was consistent with the Hardy—Weinberg equilibrium. However, the frequency of cyto-
kine genotypes observed in the Kazakh population showed similarities and differences compared to neighboring ethnic
groups. The most noticeable differences compared with Iranians, Turks, Russians, and Chinese were observed in the distribu-
tion of IL-1, IL-6, and IL-10 genotypes. The frequency of the TNF-a —308 genotype differed only with the Iranian population.
Thus, our study showed a link between cytokine gene polymorphism and ethnicity. These results may be of clinical relevance
in understanding the prevalence of diseases in Kazakhstan.
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PACIIPEAEJIEHUE YACTOT NOJIUMOP®NU3MOB UETHIPEX TEHOB IUTOKNHOB
B 3/IOPOBOI IO YJISILIAU 3AIIAJTHOT'O KA3BAXCTAHA

AnnoTtanus. M3yueH psg nonumopduzMos reHoB, kogupyromux [L-1, IL-6 u IL-10 n TNF-a -308, y 100 310poBbIX He-
POZICTBEHHBIX Ka3axoB ¢ ucnonb3oBanueM [11[P B peansHOM Bpemenu. [lonmydeHHbIe pe3ynbTaThl CPAaBHUBAIN C OIMyOJINKO-
BaHHBIMHU JIAHHBIMH 10 JPYTHUM MOIyIsIusM. PacrpeneneHne reHOTHIIOB COOTBETCTBOBAIO paBHOBecHIO Xapnn—Baiin-
6epra. Oqnako HaOJIOaeMast 4aCTOTa FTEHOTHITOB [INTOKMHOB B KA3aXCKOW MOMYJISIINH 1T0Ka3aj1a CXOJCTBO M Pa3INIHUs 110
CPaBHEHHUIO C COCEAHNMH DTHHYECKHMU rpynnamu. Hanbonee 3aMeTHBIE pa3yindust 10 CPAaBHEHHUIO C UPAHI[AMH, TypKaMH,
PYCCKMMH M KUTallaMy HaOJto1auck B pacrpenenernn reHotumos [L-1, IL-6 u IL-10. Yactora renoruna TNF-a —308 pas-
JMYaIack TOJIBKO B MPAHCKOH momynsnuu. Takum oOpa3oM, Halle HCCIeJOBaHKE MTOKA3aJI0 CBS3b MEXY MOIMMOP(HH3MOM
TeHOB IIUTOKMHOB M dTHHYECKOW IPUHAJUIEKHOCTHIO. [losydeHHbIe HAMH PE3yJIbTaThl MOTYT OBITh KIMHUYECKU 3HAYHMEI
JUTSI TOHMMAaHUs pacripoCcTpaHeHHOCTH 3a0oneBanuii B Kazaxcranre.

KuroueBble cj1oBa: 4acTOTHI ajijieield, TUTOKUHBI, ITOJIUMOP(U3M TE€HOB, IOMYJISIHOHHOE HCCIIEN0BaHNEe, Ka3aXcKas
MONYJISIMS, paBHOBecHe Xapau—BaitnOepra
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Introduction. Alleles and genotype frequencies are the main characteristics of a population. Each
population contains a specific set of alleles of the different genes, and the range of genotype frequencies
characterizes its gene pool. Thus, by studying the genetic composition of a population, it is possible to
determine its immunogenetic profile and establish its specific features.

Cytokines constitute pleiotropic proteins involved in the pathogenesis of various multifactorial dis-
eases [1]. Studies on cytokine gene polymorphisms that can lead to an imbalance in the inflammatory
immune response are important in researching the body’s response characteristics to internal and exter-
nal stimuli [2]. For many polymorphic cytokine gene sites, the established inter-population differences
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are not random but have ethnic patterns and may have been associated with human evolution [3]. Sig-
nificant genetic differences in cytokine gene polymorphism distribution contributing to differences in
disease incidence have been traced by ethnicity and geography [4]. Single nucleotide polymorphisms
(SNPs) affect cytokine gene expression and susceptibility to diseases, disease progression, the severity
of the clinical condition, and treatment results [5].

There were no reports on the studies that have reported allelic and genotypic diversity of cytokine
genes interleukin (IL)-1, IL-6, IL-10, and tumor necrosis factor alpha (TNF-a) among healthy Kazakh
adults, compared with other populations. An international database of various cytokine polymorphisms
is available on the Allele Frequency Net Database (URL: http:/www.allelefrequencies.net/). However,
as far as we know, this study is the first to report on the Kazakh population in relation to IL-1, IL-6, IL-
10, and TNF-a —308 cytokine genes.

Kazakhstan is a sizable state in Eurasia, located between longitude 45 and 87° East, and latitude 40
and 55° North. Kazakhstan shares borders with Russia, China, Kyrgyzstan, Uzbekistan, and Turkmeni-
stan. The inland Caspian Sea forms approximately half of its western boundary. Kazakhstan has no ac-
cess to the ocean,; it is the largest country in the world without this feature. At the beginning of 2020, its
population consisted of various ethnic groups, such as Kazakhs (68.51 %), Russians (18.85 %), and Uz-
beks (12.63 %) (Counties and their Cultures, Culture of Kazakhstan (URL: https://www.everyculture.
com/Ja-Ma/Kazakhstan.html).

In this study, we analyzed the allelic and genotypic diversity of the cytokine genes IL-1p —511, IL-6
—174, 1L-10 —1082, and TNF-a —308 among healthy Kazakh ethnic group adults, and their genetic rela-
tionships with various world populations to estimate the prevalence of allelic variants and genotypes of
the promoter regions of the cytokine genes IL-1 —511 (rs16944), IL-6 —174 (rs1800795), IL-10 —1082
(rs1800896), and TNF-a —308 (rs1800629) in the healthy, adult Kazakhstan population. Additionally, we
compared our results with published data for other populations.

Materials and research methods. Subjects. One hundred unrelated healthy Kazakh blood donors
were randomly selected from Western Kazakhstan as the study subjects, using the knowledge and speak-
ing of the native Kazakh language to identify the participants’ ethnicity. The subjects filled out a ques-
tionnaire on nationality and were questioned on the history of marriages with other nationalities in their
parents and grandparents. They confirmed that there were no marriages with other ethnic groups and
that their native language was Kazakh. All volunteers were over 18 years (60 men and 40 women, mean
age 44.7 £ 11.3 years) and received detailed information on the study. All subjects gave written informed
consent before their blood samples were collected. They were genotyped for the polymorphism of four
cytokine genes (IL-1p =511 C/T, IL-6 —174 G/C, IL-10 —1082 A/G, and TNF-a =308 G/A). The study was
approved by the Institutional Review Board of the West Kazakhstan Marat Ospanov Medical University,
Aktobe, Kazakhstan, and conducted according to the 1964 Helsinki Declaration.

Deoxyribonucleic acid (DNA) extraction and genotyping. Genomic DNA isolation from peripheral
blood leukocytes was performed using reagent kit DNA-Blood-M-100 (TestGen LLC, Russia). The
method used by the kit is based on the reversible binding of nucleic acids on the surface of magnetic
particles. The genotyping of the polymorphisms in the IL-1 (rs16944), IL-6 (rs1800795), IL-10
(rs1800896), TNF-a —308 G/A (rs1800629) gene was performed using thermal cycler for real time PCR
DT-Prime M1 (DNA-technologies, Russia) and reagent kits for TagMan SNP Genotyping Assays (Test-
Gen, Russia). This method is based on real-time PCR to distinguish between two alleles of a particular
SNP for use in genotyping studies. The TestGene reagent kits contained PCR primers and hybridization
probes with terminal fluorescent dye (FAM) and fluorescence quencher (HEX) for each studied variant
of genetic polymorphism (mutation). A round of temperature melting of the duplexes formed by the am-
plicons and signal probes was performed during the PCR, and the changes in fluorescence levels were
recorded and graphically presented by the thermocycler software.

Statistical analysis. The allele and genotype frequencies were calculated by direct counting. Next,
the observed and expected frequencies were compared using the y? test to check the Hardy—Weinberg
equilibrium (HWE). The HWE hypothesis is rejected at the 5 % significance level (p > 0.05). The online
HWE calculator (URL: https:/wpcalc.com/en/equilibrium-hardy-weinberg/) was used for the calcula-
tion. Finally, the cytokine genotypic frequencies studied in the compared populations were assessed us-
ing the exact y? test. A two-tailed type I error of p < 0.05 at 95 % CI was assumed to be statistically sig-
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nificant for all tests. All calculations were performed using the statistical software package Statistica
10.0 (Dell Technologies, Texas, USA).

Research results. The frequencies of alleles and genotypes in the Western Kazakhstan population
are presented in Table 1. The distribution of frequencies in IL-1p —511, 1L-6 —174, 1L-10 —1082, and
TNF-a —308 polymorphic genes did not significantly differ from the HWE, indicating a random distri-
bution and lack of evolutionary forces acting in the formation of frequencies from these gene polymor-
phisms. The observed and expected frequencies were shown by the HWE (p > 0.05).

Table l. Allele and genotype frequencies of four Kazakh population cytokine gene polymorphisms (n = 100)

Cytokine Alleles/ N Genotype HWE

polymorphisms genotypes observed frequency p-value
IL-1B -511 C 118 (59.0) 0.590
T 82 (41.0) 0.410

CcC 36 (36.0) 0.360 0.886
CT 46 (46.0) 0.460
TT 18 (18.0) 0.180
IL-6 -174 C 26 (13.0) 0.130
G 174 (87.0) 0.870

CcC 3(3.0) 0.030 0.511
CG 20 (20.0) 0.200
GG 77 (77.0) 0.770
IL-10 -1082 A 160 (80.0) 0.800
G 40 (20.0) 0.200

AA 64 (64.0) 0.640 1.0

AG 32 (32.0) 0.320
GG 4(4.0) 0.040
TNF-a 308 A 17 (8.5) 0.085
G 183 (91.5) 0915

AA 0 (0.0) 0 0.650
AG 17 (17.0) 0.170
GG 83 (83.0) 0.830

N o te. N —number of alleles (genotypes) observed; HWE — Hardy—Weinberg Equilibrium.

A comparison of the population ratios of cytokine alleles and genotype frequencies revealed signifi-
cant differences between the Kazakh population data from this study and the data obtained for the Ira-
nian [6, 7], Turkish [8, 9], Russian [10, 11], and Chinese [12, 13] ethnic groups (Table 2).

IL-15 -511. The CC genotype in the Kazakh population showed a significantly higher frequency than
the Turks (36 % vs 22.9 %, p = 0.039) and Chinese (36 % vs 22.3 %, p = 0.007). The CT genotype in the
Kazakh population was significantly lower than that of the Turks (46 % vs 62.9 %, p = 0.015), albeit
higher than the Russians (46 % vs 33.6 %, p = 0.032).

1L-6 —174. The CC genotype in the Kazakh population showed a lower frequency than the Russians
(3 % vs 23.2 %, P < 0.001) and a higher frequency than the Chinese (3 % vs 0 %, p < 0.001). The CG
genotype in the Kazakh population was significantly lower than in the Iranian (20 % vs 68.7 %, p <
0.001) and the Russian populations (20 % vs 55 %, p < 0.001), but was significantly higher than in the
Chinese population (20 % vs 1 %, p < 0.001). The GG genotype in Kazakhs showed a higher frequency
than the Iranians (77 % vs 27.4 %, p < 0.001), Turks (77 % vs 63.9 %, p = 0.039), and Russians (77 % vs
21.8 %, p < 0.001); however, the frequency in the Chinese was higher (77 % vs 99 %, p < 0.001).

1L-10 —1082. The AA genotype in the Kazakh population showed a higher frequency than the Irani-
ans (64 % vs 31.8 %, p < 0.001), Turks (64 % vs 37.8 %, p < 0.001), and Russians (64 % vs 16.8 %, p <
0.001), but was lower compared with the Chinese (64 % vs 89.3 %, p < 0.001). The GA genotype in the
Kazakh population was significantly lower than in the Iranian (32 % vs 62.1 %, p < 0.001), Turkish
(32 % vs 51.5 %, p = 0.005), and Russian populations (32 % vs 50 %, p = 0.002), but higher than in the
Chinese population (32 % vs 9.7 %, p < 0.001). The GG genotype in Kazakhs showed a lower frequency
than the Russians (4 % vs 33.2 %, p < 0.001) but higher than the Chinese (4 % vs 1 %, p = 0.048).
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Table2. Genotype frequencies of four Kazakh population cytokines compared with other populations, n (%)

. Cytokine Kazakhs Iranians"? Turks®* Russians™>® Chinese”*
position genotypes

IL-1B (-511): n=100 'n=312 3n =105 Sn =238 n =300
cc 36 (36.0) 82 (26.3) 24 (22.9) 100 (42.0) 67 (22.3)°
CT 46 (46.0) 159 (51.0) 66 (62.9)° 80 (33.6) 163 (54.3)
T 18 (18.0) 71 (22.7) 15 (14.2) 58 (24.4) 70 (23.3)
IL-6 (—174): n=100 2n =261 ‘n=108 Sn =238 8n =608
cc 3(3.0) 10 (3.9) 5(4.6) 55 (23.2)° 0 (0)
CG 20 (20.0) 178 (68.7)° 34 (31.5) 131 (55.0)° 6 (1.0)°
GG 77 (77.0) 71 27.4)¢ 69 (63.9) 52 (21.8)° 599 (99.0)¢
IL-10 (~1082): n=100 2n =261 3n =105 Sn =238 n =300
AA 64 (64.0) 83 (31.8)° 39 (37.8)° 40 (16.8)° 268 (89.3)°
GA 32 (32.0) 162 (62.1)° 53 (51.5)¢ 119 (50.0)" 29 (9.7)°
GG 4 (4.0) 16 (6.1) 11 (10.7) 79 (33.2)° 3 (L.0)
TNF-o0. (-308): n=100 20 =261 3n =105 n =217 8n =608
AA 0(0.0) 1(0.4) 1(0.9) 2(0.9) 3(0.5)
AG 17 (17.0) 84 (33.0) 18 (17.1) 40 (18.4) 92 (15.2)
GG 83 (83.0) 170 (66.6) 86 (82.0) 175 (80.6) 510 (84.3)

N ot e. Kazakh population: Kazakhs, n = 100 (our finding); 1 — Iranians, n = 312 (Khosravi et al., 2015); 2 — Iranians, n =
261 (Amirzargar et al., 2006); 3 — Turks, n = 105 (Celik et al., 2006); 4 — Turks, n = 108 (Karaman et al., 2015); 5 — Russians,
n =238 (Samgina et al., 2017); 6 — Russians, n =217 (Samgina et al., 2014); 7 — Chinese, n =300 (Lu et al., 2005); 8 — Chinese,
n =608 (Wu et al., 2019). Differences in genotype and allele frequencies were compared using the y? test: a — p = 0.039;
b—p=0.007;c—p=0.015d—p=0.032; e — p < 0.001; f— p=0.039; g — p = 0.005; h— p = 0.002; i — p = 0.048; j — p = 0.003;
k—p=0.002.

TNF-0. —308. The frequencies of alleles and genotypes in the Kazakh population significantly dif-
fered from the Iranian population only. The AP genotype in the Kazakh population showed a lower fre-
quency than the Iranians (17 % vs 33 %, p = 0.003). Conversely, the GG genotype in the Kazakh popula-
tion was significantly higher than in the Iranian population (83 % vs 66.6 %, p = 0.002). The distribution
of allele and genotype frequencies in the Kazakh population was similar to the Turkish, Russian, and
Chinese ethnic groups.

Discussion. Various cytokine gene polymorphisms associated with ethnic diversity can predispose
a population to various diseases and can thus be used as a tool for anthropological research; these devel-
opments are important for improving the diagnosis, prognosis, and treatment of the disease [14]. This
study was conducted in the Aktobe region of West Kazakhstan and is the first to describe the frequency
of cytokine genotypes in the Kazakh population, demonstrating similarities and significant differences
with the other populations. The results of cytokine gene polymorphisms and their association with eth-
nicity are presented in the literature [14, 15]. A comparison of the different population groups revealed
similarities in cytokine genotypes and features of population distributions [16, 17]; however, there were
no studies on the Kazakh population.

Interleukin-1, a central mediator of innate immunity and inflammation, is actively involved in the
development of autoimmune, infectious, degenerative, and especially auto-inflammatory diseases. The
interactions between bacterial agents, the environment, and genetic factors play an important role in the
progression of tuberculosis. There is evidence that IL-1B may be associated with susceptibility to tuber-
culosis [12]. In 2019, the incidence of tuberculosis in Kazakhstan was 45.6 per 100,000 population (URL:
https:/pharm.reviews/images/document/sbornik-2019-compressed.pdf). This study determined the pop-
ulation distributions of IL-1 genotypes in Kazakhs compared to other population groups (Table 2). As
mentioned, the CC genotype in the Kazakh population showed a higher frequency compared to the
Turks and Chinese, while the CT genotype of the Kazakh population was significantly lower than that of
the Turks. Genetically modified cytokine molecules affect the immune response. Therefore, studying the
association of IL-1p gene polymorphism in tuberculosis patients within the Kazakh population may in-
crease our knowledge for future studies on disease risks.

Interleukin-6 is a multifunctional cytokine that mediates inflammatory and stress-induced reactions.
There is strong evidence for associating 1L-6 with the development of atherosclerotic cardiovascular
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disease [18], which is the main cause of morbidity and mortality worldwide. In 2019, the incidence of
coronary heart disease in Kazakhstan reached 554.8 per 100,000 population (URL: https:/pharm.re-
views/images/document/sbornik-2019-compressed.pdf). Our results showed that the CC genotype in the
Kazakh population had a lower frequency than in the Russians and a higher frequency than in the Chi-
nese (Table 2). The CG genotype in the Kazakh population was significantly lower than in the Iranian
and Russian populations but higher than in the Chinese. The GG genotype in Kazakhs showed a higher
frequency than in Iranians, Turks, and Russians, but a lower frequency than in the Chinese; therefore,
IL-6 genetic profile analysis in the Kazakh population can elucidate specific features of coronary heart
disease incidence in the Kazakh population.

Interleukin-10 exhibits both immunosuppressive and antiangiogenic functions. A significant correla-
tion exists between the IL-10 —1082 G/G genotype and an increased risk of breast cancer [19]. In 2019,
the death rate from breast cancer in Kazakhstan was 6.1 per 100,000 female population (URL: https:/
pharm.reviews/images/document/sbornik-2019-compressed.pdf). According to our study, the AA geno-
type in the Kazakh population showed a higher frequency than the Iranians, Turks, and Russians but a
lower frequency than the Chinese (Table 2). The GA genotype in the Kazakh population was signifi-
cantly lower than in the Iranian, Turkish, and Russian populations but higher than in the Chinese popu-
lation. Therefore, studying cytokine polymorphisms associated with the risk of breast cancer in the Ka-
zakh population would be reasonable.

TNF-a is involved in systemic inflammation and primarily in the regulation of immune cells. In ad-
dition, TNF-a —308 G/A is involved in insulin resistance and is a candidate gene for type 2 diabetes
susceptibility [20]. The incidence of diabetes mellitus in Kazakhstan in 2019 was 251.0 per 100,000
(URL: https://pharm.reviews/images/document/sbornik-2019-compressed.pdf). According to our data,
the genotype frequencies in the Kazakh population significantly differed from the Iranian population
only (Table 2). However, the distribution of genotype frequencies in the Kazakh population was the
same as in the Turkish, Russian, and Chinese ethnic groups. Accordingly, it would be desirable to estab-
lish an association of TNF-a-308 gene polymorphism in patients with type 2 diabetes mellitus in the
Kazakh population.

Conclusion. The data obtained are of interest for further studies on the association of cytokine gene
polymorphisms with clinical course and possible outcomes of some topical multifactorial diseases. This
study has demonstrated differences in the frequency distribution of some genotypes within the Kazakh
population compared to other ethnic groups that might be clinically significant. However, the small
number of participants was a major limitation; therefore, we cannot extrapolate the conclusions to the
entire Kazakh ethnic group. Additionally, there was a lack of data on other cytokine polymorphisms.
Therefore, larger studies are needed to confirm the initial findings and assess the significance of cyto-
kine gene polymorphisms in predisposition to diseases to enhance our knowledge of the risk of different
pathologies in the Kazakh population.
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